Studies in animals have determined the importance of specific receptors to the action of many hormones and drugs. In man, a non-invasive external counting technique has been used and absence of receptor function has been demonstrated in a patient with nephrogenic diabetes insipidus using radioactively labelled arginine vasopressin. This is in contrast to the findings in a patient with pituitary diabetes insipidus and a normal control. These results suggest a model for the study of hormone and drug kinetics in man avoiding multiple samplings of biological fluids.
Introduction
A necessary feature of hormone and often of drug action is the presence of specific receptors in the target tissue. Such tissue receptors are commonly investigated by determining their binding characteristics in vitro or in experimental animals by the use of a radionuclide-labelled analogue of the relevant biologically active compound, the ligand (Cuatrecasas 1974a, b) . The authors suggest that this approach can be extended to man with the use of computer-assisted external counting techniques designed to measure the uptake or lack of uptake of the radionuclide-labelled ligand by the target tissue. This non-invasive approach is applicable both to normal people and to those with disease and avoids the possible lack of representativeness of an animal model.
To test this idea, the authors studied the pattern of 1251-arginine vasopressin (AVP) binding by the kidney. Campbell, Woodward and Borberg (1972) showed the presence of specific ADH receptors in normal porcine kidney tissue and Nardacci, Mukho- padhyay and Campbell (1975) showed that the receptor site was closely associated with a peptidase capable of degrading AVP. The dynamics of the renal uptake of "311-AVP have therefore been compared in a man with pituitary diabetes insipidus, a man with nephrogenic diabetes insipidus, a well established entity (Dicker and Eggleton, 1963 ) and a normal control (R.S.T.).
Radionuclide techniques
1311-AVP, free of 1311 is prepared as previously described by Khokhar, Ramage and Slater (1975) but 1311 is substituted for 1251. The external counting technique is performed exactly as for analogue computer-assisted blood background subtraction 1311-hippuran (sodium iodohippurate) renography (Britton and Brown, 1971 The results are presented in the form of activity/ time curves of 1311-AVP in the kidneys and in the chest against time (Figs 1, 2 and 4). Correction for the effect of 131I-AVP in the non-renal environment in the field of the kidney region detector, is essential to measure accurately the relatively low uptake by the kidneys of 1311-AVP, for example, compared with 1311-sodium iodohippurate.
Patients
(1) A 38-year-old Pakistani man first recollected symptoms suggestive of diabetes insipidus about the age of 8 years. In 1966 he moved to England where investigations showed that there was no renal response to injection or nasal inhalation of posterior pituitary extract or synthetic lysine vasopressin. A maternal grandmother suffered from marked thirst and polyuria. The patient was passing 10-12 1 of urine/24 hr which was reduced by bendrofluazide (10 mg nocte) to 4-6 1/24 hr. The urine was sterile and the endogenous creatinine clearance (111 ml/ min) and urine amino acid chromatogram were normal. Deprivation of water for 12 hr caused a 6-7y4 loss of body-weight and, despite a ten-fold rise in urinary AVP (16-20 pg ml-' dehydrated, rising to 156 pg ml-1 at the end of 12 hr), the urine osmolarity remained between 60 and 80 mosmol/kg. Infusion of either lysine vasopressin or arginine vasopressin failed to change urine osmolality. In addition there was no increase of plasma or urine cyclic adenosine monophosphate concentration. These findings strongly support a diagnosis of nephrogenic diabetes insipidus.
(2) A 47-year-old Ukranian had a 5-year history of increasing polyuria. He was passing between 10 and 141 of urine per 24 hr. The urine was sterile and the endogenous creatinine clearance (110 ml/min) and urine acidification test were normal. Deprivation of water for 24 hr caused a fall in body-weight of 3-2 kg (4-5y4). Despite a rise of plasma osmolality from 275 to 283 mosmol/kg the maximum urine osmolality achieved was 428 mosmol/kg. However, with a liberal water intake and the intramuscular injection of 5 units of lysine vasopressin (Parke Davis), the urine osmolality increased to 558 mosmol/ kg and restored 1 8 kg body-weight in the next hour. He is symptom free with use of an AVP spray (Syntopressin Parke Davis) four times daily, which reduced his urine output from 12 to 3 1 per hour.
(3) A 23-year-old author of the present report (R.S.T) in good health was chosen as a normal control.
Results Figure 1 shows the result obtained in the normal control. There are three phases: an initial rapid rise followed by a slower rise to peak at about 7 min, followed by a third phase of falling activity. From the rising phase of this activity/time curve, the distribution of the uptake of the injected bolus of 131I1 AVP is calculated to have a time constant of about 3 min as it is received as input by the kidney. The falling third phase is due to continuing lower level of due to passive processes such as glomerular filtration must be very small. This would imply that at physiological plasma concentrations, 1311-AVP is weakly associated with a larger molecule in the blood (Lauson, 1974) and that the falling third phase of the 1311-AVP activity/time curve of the normal control would most likely be due to free 131I after 1311-AVP degradation. That the kidney function was indeed normal in the patient with nephrogenic diabetes insipidus is indicated by the normal 1311 sodium iodohippurate kidney curves shown in Fig. 3 . Figure 4 shows the 1311-AVP activity/time curves in the patient with pituitary diabetes insipidus. It differs little from the result in the normal control (Fig. 1) except that the third phases fall much more slowly. Normal uptake is seen but the rate of fall of activity after the peak is diminished compared with the normal control (key as for Fig. 1) .
Discussion
The results demonstrate that an analogue of the antidiuretic hormone, 1311-AVP, is not taken up by the normal kidneys of a patient with nephrogenic diabetes insipidus, whereas a normal control and a patient with pituitary diabetes insipidus demonstrate considerable uptake. This indicates a failure or absence of functionally active receptors for vasopressin in the kidney in nephrogenic diabetes insipidus.
It is unlikely that this lack of uptake is just due to dilution of the injected 1311-AVP by circulating AVP since about 10%4 of the injected 1311-AVP goes directly to each kidney with the first circulation as each receives that fraction of the cardiac output. It is possible that all receptor sites for AVP were fully occupied in the patient with nephrogenic diabetes insipidus. This is unlikely because the rate of renal AVP excretion at the time of the study was appropriate for his state of hydration; it was equal to or less than the value seen in normal young men in a similar state of hydration (Khokhar, Ramage and Slater, 1975) .
The slower removal rate for 1311-AVP from the kidneys of the patient with pituitary diabetes insipidus as compared with the normal control suggests that the level of enzyme in the degradation of AVP is reduced in pituitary diabetes insipidus. The greater amplitude of the right kidney 1311-AVP curve as compared with the left might imply additional liver uptake. This technique may be applicable as a diagnostic aid both in congenital nephrogenic diabetes insipidus and also in acquired forms, for example, amyloidosis (Carone and Epstein, 1960) , or sarcoidosis (Panitz and Shinaberger, 1965) , or in post-obstructive diuresis to which ADH unresponsiveness probably contributes.
This study was undertaken to draw attention to the idea that by a non-invasive technique in man, it is possible to assess end-organ receptor responsiveness to biologically important compounds as a way of complementing biochemical studies. With the appropriate choice of labelled hormone, the technique may be of use in the investigation of testicular feminization (French et al., 1965) and pseudohyperparathyroidism (Albright et al., 1942) . In particular, external counting techniques may allow an approach to pharmacokinetics in man that is more direct but complementary to studies which rely on multiple sampling of drug levels in biological fluids.
